Radiation-induced DNA damage and its repair.
Application of modern methods of organic chemistry and recombinant DNA technologies has provided new insights in the field of DNA radiation damage and its repair. An overview of the chemical nature of the lesions inflicted on DNA by ionizing radiation is presented. The structures of 29 different DNA modified base or sugar residues are shown in comprehensive formation schemes. A fraction of radiation-induced modified bases is spontaneously released from the DNA chain during irradiation. Another part remains attached to the DNA chain backbone and for its characterization mild formic acid or enzymatic hydrolysis have been used. Starting from the chemical formulae of the altered base residues, the specific repair enzymes and their modes of action are discussed. Various glycosylases and endonucleases have been purified to homogeneity, and in some cases the gene which encodes the protein cloned. Using methods derived from Maxam and Gilbert sequencing procedures and DNA fragment 32P-labelled at one end, it has been shown that the alkali-labile sites in DNA induced by radiation are strongly dependent on the DNA base sequence. Enzymatic methods have been used to analyse the DNA base defects produced by gamma-irradiation of cells under in vivo conditions. Structures of modified bases were the same as those observed when DNA was irradiated in aqueous solution.